PRINCIPLES: Optimal management of perforated appendicitis with perityphlitic phlegmon or abscess formation is controversial. The aim of the study was to assess the outcome after a two-step procedure to treat patients with perityphlitic abscess formation.
Introduction
Acute appendicitis is one of the most critical causes of an "acute abdomen", and appendectomy is the most common surgical intervention performed worldwide to treat acute abdomen [1] . Several recent studies have assessed conservative treatment with antibiotics for uncomplicated appendicitis [2] [3] [4] , but the results have not indicated that conservative management is clearly superior to appendectomy. Thus, surgery remains the gold standard for uncomplicated appendicitis [2] [3] [4] . However, the treatment guidelines are less clear in cases of complicated appendicitis. Perityphlitic abscess formation occurs in 2-7% of patients with perforated appendicitis, representing about 1% of all patients presenting with appendicitis [1, 5] . A surgical approach is generally recommended for patients in whom perityphlitic or appendicular abscess is associated with generalised peritonitis [6] . However, in cases without generalised peritonitis it is unclear whether the benefits of emergency appendectomy outweigh the potential benefits of a primarily conservative approach with antibiotics and drainage followed by an interval appendectomy (IA). Emergency appendectomy may be technically challenging in such patients, because of local inflammation. It may also be associated with an elevated risk of ileocaecal resection and postoperative complications [7] [8] [9] . A conservative approach, with radiologically guided drainage and antibiotic treatment as the first step and appendectomy as the second step, has the advantage of lower peri-and postoperative morbidity [7] [8] [9] . Although the conservative approach for perityphlitic abscess without generalised peritonitis is increasingly accepted in clinical settings, there is still little high-quality evidence to support its use in the literature. In our department, we routinely carry out the two-step approach in patients with appendicitis and perityphlitic abscess formation but without generalised peritonitis. Our aim in the present study was to report our experience at a single centre by evaluating outcome and complications after the two-step procedure.
Materials and methods
We retrospectively analysed data from the prospective inpatient database of our hospital for patients presenting with appendicitis from January 2007 to December 2015. We included data for all patients who were diagnosed with appendicitis and perityphlitic abscess (diameter 3 cm) but with no signs of general peritonitis and who underwent the following two-step treatment procedure.
Step 1 comprised administration of intravenous antibiotics and, if feasible, radiologically guided abscess drainage ( fig. 1 ). Intravenous antibiotics were followed by oral antibiotic treatment.
Step 2 comprised elective IA. Although all eligible patients underwent the described treatment procedure, decisions such as the duration of intravenous and oral antibiotic treatment and the feasibility of drainage were made by the treating physicians and not dictated by a protocol. Diagnosis and drainage were performed with ultrasonography (US) or computed tomography (CT). We noted demographic data, duration of antibiotic treatment, duration of drainage, details about the surgical intervention, length of hospital stay, complications (in accordance with Dindo et al. [10] ), and microbiological and histological findings. Based on our results and on a review of the current literature, we developed a decision flowchart for the management of patients with suspected complicated appendicitis ( fig. 2 ). 
Results
During the study period, 15 out of a total of 1480 patients with acute appendicitis (1%) were eligible for the two-step procedure. Demographic and treatment data are summarised in table 1. A flow chart describing our management of suspected complicated appendicitis is shown in figure 2 . The treating physicians made the decision to perform imaging studies when complicated appendicitis was suspected. Suspicion of complicated appendicitis was mainly based on the presence of one or more of the following conditions: deterioration of the general condition of the patient, presence of localised or generalised peritonitis, body temperature >38°C, symptoms for >48 hours, white blood cell count >11 × 10 9 cells/l and C-reactive protein concentration >50 mg/l. All 15 patients were initially treated with intravenous piperacillin-tazobactam, a broad-spectrum antibiotic agent. After they had received the results of the drain cultures, clinicians chose to continue treatment in 14 patients by administering antibiotics that were less broad spectrum for a median duration of 15 days (10-28 days): amoxicillin-clavulanate in five patients and ceftriaxone plus metronidazole in nine patients. 15 (10-28) ASA = American Association of Anesthesiology; CRP = C-reactive protein ; computed tomography (CT); ultrasound (US); WBC = white blood cell Data are given as total number and percentage for categorical variables, and as median and range for continuous variables.
Because of anatomical constraints or abscesses that could not be reached, clinicians decided that drainage was not feasible in three patients whose abscess diameters were 3-6 cm. These patients were treated with antibiotics alone and subsequent IA, and had an uneventful course. Drainage was feasible in 12 out of 15 patients (80%) who fulfilled the criteria for percutaneous drainage. There were no periprocedural complications. Median duration of drainage was 6 days (range 4-13 days), and the median length of hospital stay for step 1 was 7 days (range 5-14 days). In all patients, elective IA was performed after a median of 13 weeks (range 6-22 weeks). The median operative time was 70 minutes (range 23-135 minutes), and the median hospital stay for step 2 was 2 days (range 2-12 days). Two complications occurred (13%); the first occurred after step 1, and the second occurred after step 2. In the first, abscess recurrence with new onset of appendicitis and perforation was noted 2 months after drainage. In this patient, initial intravenous antibiotic treatment was interrupted after 4 days owing to an allergic reaction and replaced early by oral antibiotic treatment. Initial treatment was successful with complete cessation of symptoms and normalisation of laboratory tests (white blood cell count 7 vs 18 × 10 9 cells/l, C-reactive protein <5 vs 208 mg/l). However, after the recurrence was detected, the patient underwent immediate laparoscopic appendectomy with an uneventful follow-up. Histopathological examination revealed acute inflammation with focal activity and perforation. In the second complication, the patient underwent reoperation after IA, where a stercolith in a small abscess was found. Following that, a second look operation and lavage had to be performed because of signs of early peritonitis on postoperative day two. A slight fibrinous peritonitis was found without any signs of perforation and the postoperative follow-up was then uneventful. Histology did not reveal any malignancies in resected specimens. At follow-up outpatient examinations 2-6 weeks after IA, all patients were doing well without abdominal or other complaints.
Discussion
Our study revealed that the two-step procedure described above for appendicitis with perityphlitic abscess formation was highly successful and associated with a low complication rate. This two-step procedure is also supported by recent meta-analyses, which showed that patients similar to those included in the present study were more likely to have postoperative complications or require colonic resection after emergency appendectomy [7] [8] [9] . Conservative initial treatment approaches toward perityphlitic abscess formation remain controversial in the literature. Recently, Mentula et al. reported a higher rate of uneventful recovery after initial appendectomy (90%) compared with conservative treatment (50%) [11] . However, in these 30 conservatively treated patients the approach differed from our procedure in that we did not attempt to drain in two patients (7%). Mentula et al. did not succeed in introducing drainage in nine patients (30%), and punctured abscesses without leaving a drain in place in 16 patients (50%) [11] . In contrast to this previous report, in which there was a low rate of drainage left in place (10%) [11] , 80% of our patients underwent drainage. Additionally, Mentula et al. [11] included patients with abscesses as small as 2 cm in diameter, whereas in our patient cohort only patients with abscesses 3 cm were included. In our study, two patients experienced complications, which were classified as grade IIIb in accordance with the Dindo-Clavien classification [10] . The first complication was a recurrence of appendicitis with a new perforation; thus, 1 out of 15 (7%) patients who initially underwent successful conservative treatment had recurrent appendicitis and abscess formation. This result is comparable to that of other reports [7, 9] and is better than the results reported by Mentula et al., who had recurrence rates of 27% and 10% for conservative and surgical treatment, respectively [11] . The second complication was a second-look operation after IA due to early peritonitis after a stercolith in a small abscess was found at the initial operation. Although IA is supported by most (53-75%) surgeons [12, 13] , in the literature its necessity remains a topic of controversy. IA following initial conservative treatment has been associated with an elevated morbidity of 10-12% in studies that included patients who initially underwent conservative treatment for complicated appendicitis followed by IA [7, 14] . However, these morbidity rates may have been overestimated since there were marked differences among studies and protocols, some of which included patients who did not undergo drainage or who underwent open appendectomy. The morbidity rate (7%) of IA in the present study was lower than others in the literature [7, 14] , suggesting that drainage together with laparoscopic IA might be associated with lower morbidity. Moreover, our results are confirmed by those of You et al., who used a similar protocol and also reported only one complication (7%) out of 15 patients who underwent laparoscopic IA after drainage [15] . An important point to address is appendicular neoplasm as a cause of complicated appendicitis. Carpenter et al. found a neoplasm rate of 28% in patients >40 years of age who underwent IA for complicated appendicitis [16] . Two other studies also found considerable risks of appendicular malignancy, of 29% and 12%, respectively, associated with IA after complicated appendicitis [17, 18] . In view of these results and the reported low morbidity associated with IA, the risk of malignancy should be considered and IA evaluated, especially in patients >40 years of age. In order to assess the exact risk of underlying neoplasm, larger studies using the two-step procedure have to be performed [19] . Compared with previous studies, in our study the frequency of patients with perityphlitic abscess formation who were eligible for the two-step procedure was slightly lower [7] [8] [9] . However, the cited studies evaluated phlegmon formation as well as abscesses of various sizes [7] [8] [9] . We excluded patients with perityphlitic phlegmons and abscesses with a diameter of <3 cm. This patient selection seems justified, because smaller abscesses can be treated successfully with antibiotics alone [20] [21] [22] . However, the monocentric retrospective setting and our strict patient selection criteria resulted in relatively few cases, which may somewhat decrease the strength of our conclusions. We found that the median length of hospital stay for the first step of the procedure was 7 days, which is in accordance with the literature [7, 15, 23] . However, recent reports suggest that shortened antibiotic regimens may be appropriate in cases in which the source of infection is adequately controlled [24] . The median length of hospital stay after IA in our study was 2 days, which is relatively low compared with other reports [14, 15, 23] . Limitations of the present study include its retrospective, single-centre design. Moreover, the number of patients who met the inclusion criteria was relatively low. However, our results are consistent with those reported in the literature with respect to the safety and efficacy of this type of two-step approach. A prospective, multicentre evaluation in Switzerland is planned to confirm the superiority of our proposed two-step procedure (see fig. 2 ). In conclusion, management of appendicular abscesses 3 cm by conservative treatment is highly successful. In the view of a potentially increased rate of appendicular neoplasm in combination with abscess formation, the role of interval appendectomy has to be evaluated in larger trials.
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